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2.1 ( [11], p.2676, 2.1, [12],
p.1189, 2.1 ) dpdt $T$
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$T$








$a’\in\Sigma,$ $z’\in$ $*,$ $(q’, \theta’)\in Q\cross\Gamma^{*}$ $\mu$
$(p, A)^{a’/z’}arrow(q’, \theta’)$
$\epsilon$- $\theta=\epsilon$





22( [12], p.1189, 22 )
dpda $M=(Q, \Gamma, \Sigma, \delta, q_{0}, Z_{0}, F)$ $\Gamma=\{Z_{0}\}$
dpda $M$ 1
(deterministic restricted one-counter au-
tomaton; droca) dpdt $T=$
$(Q, \Gamma, \Sigma, \Delta, \mu, q_{0}, Z_{0}, F)$ $\Gamma$ $=$ $\{Z_{0}\}$
dpdt $T$ 1
(deterministic restricted one$\cdot$counter transducer;
droct) droct $T$
droca $M$ $M$ $T$
droca
23( [Il], pp. $267t\succ\cdot 2677$ , 22, [12],
pp.1189-1190, 23 ) dpdt $T$
$(p, \alpha)\in Q\cross\Gamma^{*}$ $\alpha$
$\alpha=A\alpha’’,$ $A\in$
$\Gamma$ $(p, A\alpha’’)$





$p_{i}\in Q,$ $\alpha_{i}\in\Gamma^{+},$ $a_{i}\in\Sigma\cup\{\epsilon\},$ $z_{i}\in\Delta^{*}$ ,
I $\leq i\leq m,$ $p_{m+1}\in Q,$ $\alpha_{m+1}\in\Gamma^{*}$
1 $m$
$a_{1}/z_{1}$ $a_{2}/z_{2}$
$(P1)\alpha_{1})arrow(p_{2})\alpha_{2}),$ $(p_{2},$ $\alpha_{2})arrow(p_{3},$ $\alpha_{3})$ ,
$T$ $T$
..., $(p_{rr\iota}, \alpha_{m})^{a_{n1}/z_{m}}arrow(p_{m+1}, \alpha_{m+1})\tau$ .
$(p_{1}, \alpha_{1})^{x}=_{T}^{/z}(rn)(p_{m+1}, \alpha_{m+1})$
$x=a_{1}a_{2}\ldots a_{m},$ $z=z_{1}z_{2}\ldots z_{m}$ .
$m=0$
$(p_{1}, \alpha_{1})^{\epsilon}=_{T}^{/\epsilon}(0)(p_{1},\alpha_{1})$ .
dpdt $T$ dpda $M$
$(p_{1},\alpha_{1})=_{M}^{x}(m)(p_{m+1},\alpha_{m+1})$.
$\alpha’’\in\Gamma^{*}$





24( [11], p.2677, 24, [12],






$h\in\Delta^{\pm*}$ , $k^{-1}\in\Delta^{-*},$ $k\in\Delta^{*}$
$h\in\Delta^{*}$ $||h||=|h|$ ,
$h=k^{-1}\in\Delta^{-*}$ $||h||=|k|$ . $|k^{-1}|=-|k|$ .
25( [11], p.2677, 25, [12],
p. 1190, 25 ) dpdt
$T$ $(p, \alpha)\in Q\cross\Gamma^{*}\ovalbox{\tt\small REJECT}$
$T$ dpda $M$
$N(p, \alpha)=\{x\in\Sigma^{*}|$
$(p, \alpha)=_{M}^{x}(q, \epsilon)$ for some $q\in Q$}.
$L(p, \alpha)=\{x\in\Sigma^{*}|$
$(p, \alpha)=_{M}^{x}(q, \beta)$ for some $q\in F,$ $\beta\in\Gamma^{*}$ }.
2
TRANS $(p, \alpha)=\{x/y\in\Sigma^{*}\cross\Delta^{*}|$
$(p, \alpha)^{x}=_{T}^{/y}(q, \beta)$ for some $q\in F,$ $\beta\in\Gamma^{*}$ }.
$N(M)=N(q_{0}, Z_{0}),$ $L(M)=L(q_{0}, Z_{0})$ ,
TRANS $(T)=$ TRANS $(q_{0}, Z_{0})$
FIRST$(p, \alpha)=\{a\in\Sigma|(p, A)arrow^{a}(q, \theta)\in\delta$,
$\alpha=A\alpha’’,$ $A\in\Gamma,$ $\alpha’’\in\Gamma^{*}$ , for some
$q\in Q,$ $\theta\in\Gamma^{*}\}$
(i) $L(p, \alpha)\subseteq L(p, \alpha\beta)$ ,
(ii) TRANS $(p, \alpha)\subseteq$ TRANS$(p, \alpha\beta)$ .
(3) $N(p, \alpha)=\emptyset$ $\beta\in\Gamma^{*}$
$(i)\sim(iii)$
(i) $N(p, \alpha\beta)=\emptyset$ ,
(ii) $L(p, \alpha)=L(p, \alpha\beta)$ ,
(iii) TRANS$(p, \alpha)=$ TRANS$(p, \alpha\beta)$ .
( ) (1) $[6|$ , Lemrna 31
(2), (3) 25
$FIRST_{live}(p, \alpha)$
$=\{\begin{array}{l}(p\not\in F \text{ } ) :\{a\in FIRST (p, \alpha)|(p, \alpha)=_{M}^{a}(q, \beta),L(q, \beta)\neq\emptyset, for sonle q\in Q, \beta\in\Gamma^{*}\},(p\in F \text{ } ) :\{a\in FIRST (p, \alpha)|(p, \alpha)=_{M}^{a}(q, \beta),L(q, \beta)\neq\emptyset, for soriie q\in Q, \beta\in\Gamma^{*}\}\cup\{\epsilon\}.\end{array}$
26 ( [11], p2678, 26, [12],
Pp. 1190-1191, 26 )
dpdt $T_{1},$ $T_{2}$ $(p, \alpha),$ $(\overline{p}, \beta)$
dpda $M_{1},$ $M_{2}$





TRANS $(p, \alpha)=h$ TRANS $(\overline{p}, \beta)$
$=\{x/hv|x/v\in$ TRANS $(\overline{p},$ $\beta)\}$







3.1 droct $T$ $=$
$(Q, \Gamma, \Sigma, \Delta, \mu, q_{0}, Z_{0}, F)$ $(p, \alpha)\in Q\cross\Gamma^{*}$
(1) $\sim(3)$
(I) $|\alpha|\geq|Q|$ $N(p, \alpha)\neq\emptyset$ $\beta\in\Gamma^{*}$
$N(p, \beta)\neq\emptyset$ .
(2) $\beta\in\Gamma^{*}$ (i), (ii)
31(1), (3) (i) $|\alpha’|\leq|Q|$ $T$
$(p, \alpha’)\in Q\cross\Gamma^{*}$ $N(p, \alpha’)\neq\emptyset$
$T$
$(p, \alpha)\in Q\cross\Gamma^{*}$ $N(p, \alpha)\neq\emptyset$
$T$
32 droct $T$ $=$
$(Q, \Gamma, \Sigma, \Delta, \mu, q_{0}, Z_{0}, F)$ $(p, \alpha)\in Q\cross\Gamma^{*}$
$x\in\Sigma^{*},$ $z\in\Delta^{*},$ $q\in Q,$ $\beta\in\Gamma^{*}$
$(p, \alpha)^{x}=_{T}^{/z}(q, \beta)$ (3.1)
$x’$ $\in$ $\Sigma^{*},$ $z’$ $\in$
$\Delta^{*},$ $\beta’\in\Gamma^{*}$ $n\leq|Q|(|Q|-I)$
$(p, \alpha)=_{T}x’/z’(n)(q, \beta’)$
( ) [7], Lemma 3.1
32 (31)
$q\in F$ $|x’|\leq|Q|(|Q|-1)$





droct $T_{1}=(Q_{1}, \Gamma_{1}, \Sigma, \Delta, \mu_{1}, q_{01}, Z_{01}, F_{1})$ ,
$T_{2}=(Q_{2}, \Gamma_{2}, \Sigma, \Delta, \mu_{2}, q_{02}, Z_{02}, F_{2})$










31 $T_{1}\equiv T_{2}$ (i), (ii)
(i) $w\in\Sigma^{*},$ $w_{1},$ $w_{2}\in\Delta^{*},$ $P\in Q_{1},\overline{P}\in Q_{2}$ ,
$\alpha\in\Gamma_{1}^{*},$ $\beta\in\Gamma_{2}^{*}$
$(q_{01}, Z_{01})^{w/}=_{T_{1}}^{w_{1}}(p,\alpha)$ (3.2)
$(q_{02}, Z_{02})=_{T_{2}}^{2}(\overline{p}, \beta)w/u)$ (3.3)
$L(p, \alpha)\neq\emptyset$ $L(\overline{p}, \beta)\neq\emptyset$
$w_{1}h=w_{2}$ $h\in\Delta^{\pm*}$
$(p, \alpha)\equiv h(\overline{p},\beta)$ . (3.4)
(ii) $w’\in\Sigma^{*},$ $w_{1}’,$ $w_{2}’\in\Delta^{*},$ $\alpha’\in\Gamma_{1}^{*},$ $\beta’\in$
$(q_{01}, Z_{01})^{w’/w_{1}’}=_{T_{1}}(p, \alpha’)$
$(q_{02}, Z_{02})_{\tau_{2}}^{w’/w’}\overline{\overline{.}}(\overline{p}, \beta’)$
$L(p, \alpha’)\neq\emptyset$ $L(\overline{p}, \beta’)\neq\emptyset$ $w_{1}’h’=$
$w_{2}’$ $h’\in\Delta^{\pm*}$ $h=h’$
( ) (i) (3.4)
26 $T_{1}\not\equiv$
(3.4) (ii)
$(p, \alpha’)\equiv h’(\overline{p}, \beta’)$
25, 31(2) $h=h’$
3.1 $T_{1},$ $T_{2}$
$\tau_{i}={\rm Max}\{|z||(p, A)arrow(q, \theta)a/z\in\mu_{i}\},$ $(i=1,2)$
$\rho_{i}={\rm Max}\{|\theta||(p, A)arrow(q, \theta)a/z\in\mu_{i}\},$ $(i=1,2)$
$\tau={\rm Max}\{\tau_{1}, \tau_{2}\},$ $\rho={\rm Max}\{\rho_{1}, \rho_{2}\}$
$N(p, A)\neq\emptyset$ $(p, A)\in Q_{i}\cross\Gamma_{i}(i=$
$1,2)$ $k_{i}(p, A)$
$k_{i}(p, A)={\rm Max}\{{\rm Min}\{|w||(p, A)=^{w}(q, \epsilon)M_{1}$’
$w\in\Sigma^{*}\}|q\in Q_{i}\}$ .
droca $M_{i}(i=1,2)$ $k_{i}$
$k_{i}={\rm Max}\{k_{i}(p, A)|N(p, A)\neq\emptyset$ ,
$p\in Q_{i},$ $A\in\Gamma_{i}\}$ .
$\rho\leq 1$
$\rho\geq 2$
3.3 $T_{1}\equiv T_{2}$ $x0\in\Sigma^{*},$ $x\in$
$\Sigma^{+},$






(i) $|Q_{1}|\leq|\alpha|\leq|\alpha’|$ $|\beta|\leq|\beta’|$ .
(ii) $|\beta|<|\beta’|$ $|\alpha|\leq|\alpha’|$ .
$N(\overline{p}, \beta)\neq\emptyset$ (iii), (iv)
(iii) $|Q_{2}|\leq|\beta|\leq|\beta’|$ $|\alpha|\leq|\alpha’|$ .
(iv) $|\alpha|<|\alpha’|$ $|\beta|\leq|\beta’|$ .
( ) $T_{1}\equiv T_{2}$ [6],
Lemma 3.2
34 $T_{1}\equiv T_{2}$ $x\in\Sigma^{*},$ $u,$ $v\in$








droct $T_{1}$ , $T_{2}$
$(q_{01}, Z_{01})\equiv(q_{02}, Z_{02})$ ( )
“ ”’“ ”’“
”





$(p, \alpha)\equiv h(\overline{p}, \beta)$




$P\in F_{1}$ $\overline{p}\in F_{2}$ $T_{1}\equiv$
25, 26 $h=\epsilon$
“ ”







“ ” , “













‘ $T_{1}\equiv T_{2}$ ”
4.1 ( [11], pp.2683-2684, 41, [12],
p. 1195, 41 )
$T(T_{1} :T_{2})$ $T(T_{1} :T_{2})$ 2
$(p_{1}, \alpha_{1}\gamma_{1})\equiv h_{1}(\overline{p}_{1},\overline{\alpha}_{1}\overline{\gamma}_{1})$, $(p_{2}, \alpha_{2}\gamma_{1})\equiv h_{2}(\overline{p}_{2},\overline{\alpha}_{2}\overline{\gamma}_{1})$
$(p_{1}, \alpha_{1})^{x_{1}/u_{1}}=_{T_{1}}(p_{2}, \alpha_{1}’)$
$(\overline{p}_{1},\overline{\alpha}_{1})=_{T_{2}}(\overline{p}_{2},\overline{\alpha}_{1}’)x_{1}/v_{1}$




$<(p_{1}, \alpha_{1}|\gamma_{1})\equiv h_{1}(\overline{p}_{1},\overline{\alpha}_{1}|\overline{\gamma}_{1})>arrow^{u_{1}\backslash x_{1}/v_{1}T(T_{1}:T_{2})}$
$<(p_{2}, \alpha_{2}|\gamma_{1})\equiv h_{2}(\overline{p}_{2},\overline{\alpha}_{2}|\overline{\gamma}_{1})>$ .
$<(p_{i}, \alpha_{i}|\gamma_{1})\equiv h_{i}(\overline{p}_{i},\overline{\alpha}_{i}|\overline{\gamma}_{1})>_{\vec{T(T_{1}:T_{2})}}^{u_{i}\backslash x_{l}/v_{i}}$
$<(p_{i+1}, \alpha_{i+1}|\gamma_{1})\equiv h_{i+1}(\overline{p}_{i+1},\overline{\alpha}_{i+1}|\overline{\gamma}_{1})>$
$u_{i}h_{i+1}=h_{i}v_{i},$ $(1\leq i\leq m)$












$T_{2})$ $T(T_{1}:T_{2})$ $(p, \alpha)\equiv h(\overline{p}, \beta)$
(i), (ii)
(i) $FIRST_{live}(p, \alpha)=FIRST_{live}(\overline{p}, \beta)$ .
(ii) $N(p, \alpha)\neq\emptyset$ $N(\overline{p}, \beta)\neq\emptyset$
5
$x’,$ $x”\in\Sigma^{+},$ $u’,$ $u”,$ $v’,$ $v”\in\Delta^{*},$ $\alpha’\in\Gamma_{1}^{+},$ $\beta’\in\Gamma_{2}^{+}$











$(p, \alpha)\equiv h(\overline{p}, \beta)$ $N(p, \alpha)=\emptyset$
31 $1\leq|\alpha’|\leq|Q_{1}|$ $N(p, \alpha’)=\emptyset$
$\alpha’\in\Gamma_{1}^{+}$ TRANS$(p, \alpha’)=$ TRANS$(p, \alpha)$
$N(\overline{p}, \beta)=\emptyset$ $1\leq$
$|\beta’|\leq|Q_{2}|$ $N(\overline{p}, \beta’)=\emptyset$ $\beta’\in\Gamma_{2}^{+}$
TRANS $(\overline{p}, \beta’)=$ TRANS $(\overline{p}, \beta)$
43 $T(T_{1}$ :
$T_{2})$ $T(T_{1}:T_{2})$ $(p, \alpha)\equiv h(\overline{p}, \beta)$
(i), (ii)
(i) $N(p, \alpha)=\emptyset$ $N(p, \alpha’)=\emptyset$
$\alpha’\in\Gamma_{1}^{+}$
$\alpha_{0}$ $\alpha_{0}=\alpha$
(ii) $N(\overline{p}, \beta)=\emptyset$ $N(\overline{p}, \beta’)=\emptyset$
$\beta’\in\Gamma_{2}^{+}$ $\beta_{0}$ $\beta_{0}=\beta$
$|\alpha_{0}|<|\alpha|$ $|\beta_{0}|<|\beta|$















(3.4) $FIRST_{li}ve(p, \alpha)=$ FIRSTlive $(\overline{p}, \beta)$
41( [11], p.2683, 41, [12],
pp. 1194-1195, 41 ) droct $T_{1}$ ,
$(p, \alpha)\in Q_{1}\cross\Gamma_{1}^{+},$ $(\overline{p}, \beta)\in Q_{2}\cross\Gamma_{2}^{+}$
(3.4) (i), (ii)
(i) $a_{i}\in$ FIRSTlive $(p, \alpha)=$ FIRSTl$ive(\overline{p}, \beta)$
$=\{a_{1}, a_{2}, \ldots, a\downarrow\}\subseteq\Sigma$
$(p, \alpha)arrow(p_{i}, \alpha_{i})a_{l}/u_{l}T_{1}$ $(\overline{p}, \beta)arrow(\overline{p}_{i}, \beta_{i})a_{2:}T_{2}^{/v}$
$h_{i}\in\Delta^{\pm*}$ $u_{i}h_{i}=hv_{i}$
(ii) (i)
$(p_{i},\alpha_{i})\equiv h_{i}(\overline{p}_{i},\beta_{i}),$ $1\leq i\leq l$ . (4.1)














44( : [11], p.2684,
4.2, [12], p. 1195, 4.2 ) (3.4)




$(p,\omega_{1})\equiv h(\overline{p},\omega_{2})$ $(\omega_{1}\in\Gamma_{1}^{+}, \omega_{2}\in\Gamma_{2}^{+})$ (4.3)
$N(p, \omega_{1})\neq\emptyset$ $|\omega_{1}|\geq|Q_{1}|$ (4.4)





45( : [11], p.2684,
4.3, [12], pp.1195-1196, 43 )
(34)
$x_{0}\in\Sigma^{+},$ $u_{0},$ $v_{0}\in\Delta^{*},$ $q\in F_{1},\overline{q}\in F_{2},$ $\gamma_{01}\in$
$\Gamma_{1}^{*},$ $\gamma_{02}\in\Gamma_{2}^{*}$ (4.3)
$<(p, \omega_{1})\equiv h(\overline{p},\omega_{2})>\frac{\underline{u_{0}\backslash }\ovalbox{\tt\small REJECT}^{x_{0}}/v}{T(T_{1}:T_{2})}$ (4.6)
$<(q,\gamma_{01})\equiv(\overline{q},\gamma_{02})>$
$u0=hv0$ $\gamma_{01}=\epsilon$ , $\gamma_{02}=\epsilon$ ,
$1\leq|\gamma 01|\leq|Q_{1}|$ $1\leq|\gamma_{02}|\leq|Q_{2}|$ .
(46) (34)






























if $L(q_{01}, Z_{01})=L(q_{02}, Z_{02})=\emptyset$
then checked
else if







$P$ ) $\triangleright$ $(p, \alpha)\equiv h(\overline{p}, \beta)$ ;
if $P\in F_{1}$ $\overline{P}\not\in F_{2}$ , $P\not\in F_{1}$ $\overline{P}\in F_{2}$
then $T_{1}\not\equiv T_{2}$ ” ; halt
else if $p\in F_{1}$ $\overline{p}\in F_{2}$
then if $h\neq\epsilon$








$(p, \alpha)\equiv h(\overline{p}, \beta)$ fi





$(p, \alpha’)\equiv h’(\overline{p}, \beta’)$ $P$
unchecked
else $S$ $\emptyset$ fi
if $S$ $h’\neq h$
then $T_{1}\not\equiv T_{2}$ ” ; halt











else $P$ s-checked fi
if $P$
then $T_{1}\not\equiv T_{2}$ ” ;halt
fi









then $T_{1}\not\equiv T_{2}$ ” ;hbalt
fl
else $T_{1}\not\equiv T_{2}$ ” ; halt fi


















(i) $T(T_{1}:T_{2})$ $(p, \alpha)\equiv h(\overline{p}, \beta)$
$S_{1}=(\rho_{1}-1)(|Q_{1}||Q_{2}|+1)+|Q_{1}|$ ,
$S_{2}=(\rho_{2}-1)(|Q_{1}||Q_{2}|+1)+|Q_{2}|$




$\cross({\rm Max}\{|\Sigma|, |Q_{1}||Q_{2}|\}+1)$ .




$|x|\leq S_{I},$ $|u|\leq\tau_{1}S_{I},$ $|v|\leq\tau_{2}S_{I}$










$|u|\leq\tau_{1}S_{I}$ , $|v|\leq\tau_{2}S_{I}$ $\square$
$T_{1}\equiv T_{2}$
$|Q_{1}|,$ $|Q_{2},$ $|\Sigma|,$ $|\mu_{1}|,$ $|\mu_{2}|,$ $k_{1},$ $k_{2}$
$k_{i}(i=1,2)$ [I3], pp. 171I-l7l2,
Lemnla 10 $k_{i}\leq p_{i}|Q_{i}|^{3}$
(
)
$(p, \alpha)\equiv h(\overline{p}, \beta)$ $N(p, \alpha)\neq\emptyset,$ $N(\overline{p}, \beta)\neq\emptyset$ ,
$L(p, \alpha)\neq\emptyset$ , $L(\overline{p}, \beta)\neq\emptyset$
$T_{1}\equiv$















$T(T_{1}:T_{2})$ $n(\geq 1)\ovalbox{\tt\small REJECT}$
Claim $E_{n}$
Claim $E_{n}$ $T(T_{1}:T_{2})$
$(p, \alpha)\equiv h(\overline{p}, \beta)$
$x\in\Sigma^{*}$ , $u\in\Delta^{*}$ , $q\in F_{1}$ , $\gamma\in\Gamma_{1}^{*}$
$(p, \alpha)^{x}=_{T_{1}}^{/u}(n)(q, \gamma)$ (5.1)
$v\in\Delta^{*}$ , $\overline{q}\in F_{2}$ ,
$\overline{\gamma}\in\Gamma_{2}^{*}$
$(\overline{p}, \beta)^{x}=_{T_{2}}^{/v}(\overline{q},\overline{\gamma})$ , $u=hv$
$x_{0}\in\Sigma^{*}$ , $u_{0},$ $v_{0}\in$
$\Delta^{*}$
$<(p, \alpha)\equiv h(\overline{p}, \beta)>\frac{\underline{uo\backslash }x_{0}\ovalbox{\tt\small REJECT}/v}{T(T_{1}:T_{2})}$
$<(q, \gamma_{0})\equiv(\overline{q},\overline{\gamma}_{0})>$
$|x_{0}|$ $\leq$ $|x|,$ $u_{0}=$
$hv_{0},$ $|\gamma_{0}|\leq|\gamma|,$ $|\overline{\gamma}_{0}|\leq|\overline{\gamma}|$ .
Claim $E_{n}$ (I) $n=1$ $x=a\in\Sigma$
$(p, \alpha)\equiv h(\overline{p}, \beta)$
(II) $E_{1},$ $E_{2},$ $\ldots,$ $E_{n}(n\geq 1)$
$E_{n+1}$
(1) $(p, \alpha)\equiv h(\overline{p}, \beta)$ (5.1)
$(p, \alpha)arrow(r, \alpha’)^{x’’/u_{(n)}’’}a/u’\tau_{1}\overline{\overline{\tau_{1}.}}(q, \gamma)$
$x=ax”,$ $u=u’u”,$ $r\in Q_{1},$ $\alpha’\in p_{1}+$ .
$(p, \alpha)\equiv h(\overline{p}, \beta)$
$(\overline{p}, \beta)arrow(\overline{r}, \beta’)a/v’T_{2}$
$<(p, \alpha)\equiv h(\overline{p}, \beta)>arrow^{T(T_{1}:T_{2})u’\backslash a/v’}$
$<(r, \alpha’)\equiv t(\overline{r}, \beta’)>$
$u’t$ $=$ $hv’,\overline{r}$ $\in$
$Q_{2},$ $\beta’\in\Gamma_{2}^{+}$ . $(r, \alpha’)\equiv t(\overline{r}, \beta’)$
$E_{n}$
$(r, \alpha’)\equiv t(\overline{r}, \beta’)$
$E_{n}$
(2) $(p, \alpha)\equiv h(\overline{p}, \beta)$
$(p, \omega_{1})\equiv h(\overline{p}, \omega_{2})(\alpha=\omega_{1}\alpha’’)\omega_{1}\in$









( $x=x’x”,$ $x’,$ $x”\in\Sigma^{+},$ $n’+$
$n”=n+1,$ $u=u’u”,$ $r\in Q_{1})$ , $E_{n’}$
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